The interaction of binuclear rhodium(lI) complexes Rh2(OOCCH3)4(H20)2], [Rh2{OOCCH(OH)Ph}2(phen)2(H20)2] {OOCCH(OH)Ph}2, [Rh2(OOCCH3)2(bpy)2(H20)2](OOCCH3)2 and [Rh2Cl2(OOCMe)2(bpy)2](3H20) with ceruloplasmin, cysteine, glutathione and coenzyme A have been investigated using UV-Vis and CD spectroscopies. The complexes containing phen or bpy at pH 7.4 and 4.0 are readily reduced with sulfhydryl compounds, while rhodium(II) acetate is relatively stable in these conditions. Complex [Rh2{OOCCH(OH)Ph}2(phen)2(H20)2] strongly changes structure of ceruloplasmin leading to the decrease of x-helix content and loss of oxidase activity.
INTRODUCTION
Dimeric rhodium(II) complexes have attracted considerable interest due to their interesting structure and reactivity [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , catalytic properties [1] [2] [3] 5, [11] [12] [13] and anticancer activity [1] [2] [3] 5, 10, [14] [15] [16] [17] [18] [19] . The structure, reactivity, catalytic properties and cytostatic activity of [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Rhodium(II) carboxylato complexes belong to the most promising platinum metals compounds having anticancer and biological activity [14] [15] [16] [17] [18] [19] [20] [21] . These results have prompted investigations into the chemical properties and biological effects of rhodium(II) complexes 14-16, 2+ [20] [21] [22] [23] [24] [25] [26] . It has been found [27] [28] that [Rh2(OOCR)2(N-N)(HO)] complexes show cytostatc activity against human oral carcinoma KB cell line in vitro. They are also cytostatic agents against synchronously cultivated cultures of green algae chlorella vulgaris [29] [30] . The compounds [Rh2(OOCR)20-N)2(H20) 2] 2+ and [Rh2C12(OOCR)2(N-N)2] are effective antibacterial agents [31] [32] [33] .
Thus the investigation of interaction of Rh(II) complexes with compounds playing crucial role in biological processes is interesting. Glutathione (GSH) is a naturally occurring tripeptide with the sequence ,-L-glutamyl-L-cysteinyl-glycine. GSH is M NaOOCHa/HOOCCH3 (pH 4.0) and 0.01 M NaHEPO4/NaEHPO4 (pH 7.4) buffers. The enzyme activity of the protein was determined by a literature method involving the oxidation ofp-phenylenediamine (PPD) [43] . Electronic spectra were recorded on a Cary 5 and a Beckman 7500 spectrometer connected with Hi-Tech stopped flow equipment, CD spectra, on a Jasco J600 spectrometer and IR spectra, on an IFS 113v
Bruker.
RESULTS AND DISCUSSION
The interaction of rhodium complexes with L-methionine, L-cysteine, L-histidine, coenzyme A and glutathione has been investigated using absorption electronic and CD spectroscopy. Reactions were carried out in water at pH 4.0 and 7.4 in acetate and phosphate buffers, respectively, at room temperature under nitrogen. [45] . Co T-rays [46] (Figure 3 ). At 4:GSH ratios 1:2 1:10, the compound with a band at 723 nm is not formed. This indicates that at these 4:GSH ratios reduction is faster and only polynuclear Rh(I) complexes can be observed ( Figure 3 ). Reactions of cysteine and CoA with complex 4 at pH 7.4 and 4"Cys(CoA) ratio 1"1 1" 10 are faster than those with GSH because the bands at 723 nm were not observed, at all Rh:HSR ratios spectra were similar to those formed in the reaction with an excess of GSH (Figure 4 and 5). Complexes 2 and 3 in reactions with GSH give similar products ( Figure 6 ). Complex 1 is not reduced by GSH. In the case of the reaction at pH 7.4 the band I at 589 nm is only slightly blue shifted and a strong increase of absorption was observed at the wavelength below 500 nm caused by S Rh CT transition ( Figure 7 ). This indicates that the stable [Rhz(O2CCH3)4(GSH)2] adduct is formed. At pH 4.0 the reduction proceeds easier, complex 4 is reduced with the formation of compounds containing Rh46+ core, also at greater excess of GSH, and reduction products formed in the reaction with cysteine are stable at least for several hours (Figure 8 ). Electronic and CD spectra indicate that complex 4 strongly interact with ceruloplasmin ( Figures 9  and 10 ). The intensity of the "blue" copper band at 610 nm strongly decreased in 5 h after addition of complex 4 to the solution of ceruloplasmin in phosphate buffer (at pH 7.4). The CD spectra of ceruloplasmin and of a mixture of ceruloplasmin with complex 4 (Figure 10 ) prove that the addition of compound 4 diminishes considerably the content of or-helix in the protein because of a distinct decrease of intensity of negative transitions at 214 and 221 nm as well as an appearance of the negative transitions at 225 and 228 nm characteristic of 13-sheet conformation [56, 57] . In CD spectra in the near UV and visible region considerable changes have also been observed ( Figure  10 ). 2+ and [Rh2C12(O2CMe)2(bpy)2] complexes interact with ceruloplasmin changing strongly its structure, considerably decreasing the content of tx-helix and decreasing the intensity of the blue copper band at 610 nm. The last effect can be explained by strong changes in the coordination geometry of the two copper atoms of type located in domains 4 and 6 coordinated to two histidines and a cysteine, at a distance of around 2.0 A and with a methionine at a longer distance of 3.0 A and most likely change of coordination of copperoOf type in the domain 2 where methionine was replaced by an alanine at a longer distance of 3.7 A. . The oxidation of pphenylenediamine (PPD) after addition of these complexes'to the solution of ceruloplasmin was completely stopped. Ceruloplasmin contains five cysteine-cysteine S-S bridges, three cysteines coordinated with copper and one free cysteine SH group. However, the electronic spectra indicate that complex 4 is not coordinated with sulfhydryl groups or MeS groups of methionines because in the electronic spectra of complex 4 in the presence of ceruloplasmin at different protein complex 4 ratios, bands characteristic of rhodium complexes containing sulfur ligands were not observed. Thus, most likely, rhodium is coordinated with ceruloplasmin via histidine nitrogen atoms.
